The average transverse momentum of partons inside a hadron is investigated within the framework of two component covariant parton model. By reproducing the measured structure function from this model, the following features on the transverse momentum of the sea and valence parton are exhibited: The transverse momentum of the sea parton, <kT (x) ),, takes a value ~400MeV at x=O and decreases rapidly as x increases. On the other hand, the transverse momentum of the valence parton, <kT(x))., is zero at x=O and v2M::::::1.3GeV at x= 1 where M is the mass of the target hadron (proton), which are the conse· quence independent of parameters involved in the model. The x dependence of the <kT(x)). has the interesting property that it increases when x increases towards x=0.3~0.4, peaks and subsequently decreases and reaches to v2 M when X approaches 1. The effect of the scaling violation on the <kT(x))1, i=s and v, is also taken into account as possible as in the model independent way. Further the transverse momentum, <qT), of the dilepton events is investigated on the basis of the Drell-Y an mechanism. It is suggested that the The transverse momentum, kr, distributions of partons inside hadrons have recently attracted a lot of interest in many experiments on the production of massive lepton pairs and of hadrons with large transverse momenta. By recent experiments!) on the production of massive lepton pairs in the hadron-hadron collision it is found that the average transverse momentum <qr) of the dilepton rises significantly as its mass Ma increases. According to the Drell-Yan mechanism, 2 > the massive dilepton arises from a virtual time-like photon q that is produced by the fusion of a parton and an antiparton provided by the initial hadrons. Its transverse momentum qr is, therefore, the sum of the transverse momenta of the parton and the antiparton within the initial hadrons. The experimental result indicates that the transverse momentum of the partons can indeed take large values.
The transverse momentum, kr, distributions of partons inside hadrons have recently attracted a lot of interest in many experiments on the production of massive lepton pairs and of hadrons with large transverse momenta. By recent experiments!) on the production of massive lepton pairs in the hadron-hadron collision it is found that the average transverse momentum <qr) of the dilepton rises significantly as its mass Ma increases. According to the Drell-Yan mechanism, 2 > the massive dilepton arises from a virtual time-like photon q that is produced by the fusion of a parton and an antiparton provided by the initial hadrons. Its transverse momentum qr is, therefore, the sum of the transverse momenta of the parton and the antiparton within the initial hadrons. The experimental result indicates that the transverse momentum of the partons can indeed take large values.
Further, the rise of <qr) with increasing Ma corresponds to a rise of parton transverse momentum with increasing fractional longitudinal momentum x of the parton. The importance of the transverse momentum of the parton is also discussed on the production of hadrons with large transverse momenta. The introduction of the large transverse momentum of the partons to the original formalism by Ellis and Kislinger 8 ) leads to better agreements with theories and experiments and the correlation distributions. sl Theoretically it has been widely assumed that the transverse· momentum, kr, distribution of the partons inside a hadron is independent of their fractional longitudinal momentum x, and in particular that its average value <kr) is fixed and small. 5 ) From the uncertainty principle the partons have a minimum <kr)"-'400
MeV as they are confined to a region of radius ' ""' -' 1 fermi. Although the value of <kr )"-'400 MeV is important to the phenomena in the so-called soft region processes, which have been established by many experiments so far, this value of <kr) has been thought of the negligible effect on the hard processes such as deep inelastic lepton-hadron scattering and the hadron-hadron collisions at high transverse momentum. Therefore the experimental information on (kr) of partons mentioned in the previous paragraph leads us to the following questions: Does it depend upon the momentum fraction x of the parton or not? Even if the transverse momentum of the parton can take large values dependent on x, doesn't it cast a gloom on the popular parton model?
Recently, Landshoffn has suggested on the basis of the covariant version 8 ) of the parton model that the transverse momentum of the parton increases with increasing x. However his formulation has several weak points that the proper structure function cannot be obtained due to the lack of the consideration on the Regge behaviour in the small x region, and in particular that it posseses some parameter undetermined by data and it gives no information about the sea partons. Therefore, his suggestion seems to be suspectable. On the other hand, Close et al. 9 ) showed by using the quark parton model that the transverse momentum of the parton decreases in the large x region when x approaches 1, whose suggestion is based upon the consideration of the negativeness of the squared charge radius of the neutron. At the present stage, it seems to be highly controversial situation concerning the x dependence of the transverse momentum of the parton.
The purpose of the present paper is to investigate the transverse momentum of the part on by means of the extended covariant version of the part on model. 8 ) In our formalism, the two component structure function of the sea and valence parton is presented separately so that each of the behaviour of the transverse momentum can be obtained. In order to get the definite results, several parameters appearing in the formulation are determined by fitting the structure function to the data of ,!.1-P scattering by Anderson et al. 10 ) Prominent features of the transverse momentum of the sea and valence parton are presented: The transverse momentum of the sea parton has a value "-'400 MeV at x = 0 and it decreases rapidly with increasing x. The transverse momentum of the valence parton is zero at x = 0 and y2 M at x = 1 where Jill is the mass of the target hadron, which are the consequence independent of parameters m our formalism.
The x dependence of the transverse momentum of the valence parton is shown that it Increases when x increases towards x = 0.3~0.4, peaks and subsequently decreases and reaches to v2 M when X approaches 1. Such a behaviour seems to be supported by both the experimental data on the dilepton eventsil and the consi· deration by Close et al. 9 J The effect of the scaling violation on the transverse momentum of the parton is also taken into account possibly in the model independent way. It is shown that the transverse momentum of the sea parton increases with increasing the virtual space like photon mass squared q 2 and the transverse momentum of the valence part on decreases more rapidly in the small x region than in the larger x region as q 2 increases. Further we investigate the transverse momentum of the dilepton events on the basis of the Drell-Yan mechanism.2J It is suggested that the average transverse momentum distribution of the dilepton depends strongly upon the Feynman variable XF. In the small XF region it increases with increasing JJ1a/vs and peaks at some value of Ma/vs, and subsequently decreases. On the other hand, in the large XF region it has a decreasing tendency with increasing M 11/ys. We also consider the implication of the resultant transverse momentum of the parton to the ratio R=!h/!Jr. By using the parton model, 6 J the possibility is presented that R increases in the small x region and decreases in the intermediate x region as q 2 increases.
The basic formalism and derivations of the structure function and the transverse momentum of the parton are presented from the two component viewpoint in § 2. The dependence of the transverse momentum on x is investigated for both the sea and valence partons in § 3. The effect of the scaling violation on the transverse momentum is considered in § 4. Section 5 is devoted to the discussion. § 2. Basic formulation According to the covariant parton model, 8 ) the structure function measured in the leptoproduction is given by (1) ( 2) where M is the mass of the target hadron (proton), k 2 the invariant mass of the parton, kr its transverse momentum and ys' the invariant mass of the system into which the parent hadron breaks up. The function f is the imaginary part of the parton-hadron forward nonamputated scattering amplitude, so that it is a function only of the Lorentz scalars t' and s'. Further, it is regarded as the square of the parton propagator multiplied by the sums of squares of matrix elements of the parton source taken between an arbitrary final state and the original hadron state. The variable s' varies with the integration variables through the relation (2) , and the requirement that s' be above some non-negative threshold restricts The structure function F 2 (x) informs us of the fractional momentum distribution of the partons consisting of the sea and valence components. Hence we divide the structure function into two pieces as follows:
The function f' 0 contains the square of the parton propagator, and so has a double pole at t' = m/, i = v and s, where mi is the effective mass of the parton. The thing we know about the t' dependence of f'il is its behaviour at large lt'l. Here Ai is a mass parameter which serves as the t' cutoff scale and Ni the normalization factor. Note that as far as the t' dependence is concerned, Eq. (4) can be considered as the analog of the Hulth€m wave functionw used to describe the deuteron. In order to get the desired features of the structure functions such 3 and F 2 csJ (x) "'--' (1-x) 7 for X"'-' 1 and F 2 cvJ (x) "'--' x 112 and F 2 csJ (x) "'-'Constant for X"'--'0, the parameters of Eq. ( 4) are fixed as follows:
The values of a. and a8 correspond to the contributions of ordinary Regge and Pomeron respectively. The value of r., which is equivalent to the threshold behaviour of F 2 csJ, is determined through the familiar counting rule. 12l The structure functions of the sea and valence components are given after the transformation of the integral variables in Eq. (1) by (7) the structure functions of the sea and valence partons are given respectively by
Note that the function 1:£(1) is regular with respect to x C [0, 1], and so the desired features of F 2 w are obtained. Now we define the average transverse momentum (kr(x)) 1 as follows:
. (10) Using Eqs. (4)"'"' (9), Eq. (10) gives
and
The dependence of (kr 2 (x) ); on x seems to be somewhat complicated at the first glance. However, because the z-integration of Eq. (7) can be performed analytically, the dependence of (k/ (x)); on x is easy to understand in spite of the superficial complications in Eqs. (11) and (12) . In the next section we devote ourselves to clarifying the quantitative features of the transverse momentum (kr(x) ); after fitting the structure functions on the experimental data. § 3. The transverse momentum of the sea and valence partons
In order to get the quantitative dependence of (kr 2 ) ; on x, we have to determine several parameters appearing in Eqs. (11) and (12) . The same parameters are also involved in the structure functions of Eqs. (8) and (9) . Hence the only thing that we have to do is to adjust the structure functions to the observed them. Before doing so, however, we examine the qualitative features of the transverse momentum given by Eqs. (11) and (12) . By performing the z-integration of Eq. (7) 
Note that the value of (kl(x)). at x=1 is independent of any parameters involved
Next, we address ourselves to fixing our parameters in Eqs. (8) and (9).
The structure functions given by Eqs. (8) and (9) are only functions of x, so that they imply the exact scaling function. However, the observed structure function has a systematic pattern of the scaling violation, i.e., the positive and negative violations. 10 ' Here the term of the positive (negative) violation represents the fact that the structure function increases (decreases) near the small (large) x region with increasing the virtual photon mass squared q 2 • As a working hypothesis, we regard the structure functions of Eqs. (8) and (9) as those given at some
In the next section, the q 0 2 would be regarded as the reference momentum at which some structure function is presumed to be known. In this section, we use the structure function obtained by measuring the inelastic scattering of muons from hydrogen at the Fermi National Accelerator Laboratory by Anderson et al. 10 ' Especially we regard the data at q 2 =2"-'5(GeV 2 ) as being relevant to our end. The ratio of the contributions to the structure functions by the sea and valence partons is not determined by the data of !J.-P scattering alone. Several authors 18 ' have extracted these two components from the experimental data on the basis of the quark parton model. According to those analyses, the structure function due to the sea partons dominates the small x region, up to x=0.2rv0.3, and gradually diminishes for x>0.3. The precise contribution of the sea and valence partons is, however, difficult to determine without any ambiguities. Hence we dare adjust the ratio of the structure functions by Eqs. (8) and (9) to the measured structure function, in a sense, qualitatively, but in a manner that the general tendency mentioned above is fairly satisfied. By imposing F 2 (x=O) (=F2<"') =0.30 and F 2 (x=0.5) (=F2<"') =0.17 obtained from the data at q 2 =2rv5 (GeV 2 ) , 10 ' we try to construct the structure functions. Using the following parameters and normalizations as 
we obtain the two component structure functions as shown in Fig. 1 . The shape and magnitude of the structure functions seem not to be so wrong.
In the following we calculate with the parameters and normalizations of (15) .6 X 1.0 Fig. 1 . The structure function F, (x) calculated from Eqs. (8) and (9) with the parameters of (15) and (16) it increases with increasing x towards x = 0.3~0.4, peaks and subsequently decreases down to v2 M as X approaches 1. Such a dramatic dependence of (kr(x, q0 2 ) )v on xis fairly interesting. The rise of total average transverse momentum of the sea and valence partons seems to be supported by recent dilepton experiments!) although some careful considerations are necessary to discuss this point. We postpone this subject to the discussion in § 5. Further, it should be noticed that the magnitude of <kr(x, q0 2 ) )v is fairly large, which is caused by the introduction of the dimensional parameter Av· The fact provides us with new insights to the idea of the parton model. In spite of being forced to introduce the large transverse momentum of the parton to the parton concepts by many experiments, theorists hesitate to consider such a large contribution of the transverse momentum to their parton models. Our results, however, will remove their fears and make many theorists familiar with the naive parton model cast away the prejudice. § 4. The effect of the scaling violation to the transverse momentum of the parton
It is now well-known that the structure function has a systematic pattern of the scaling violation, i.e., the positive and negative violation as remarked earlier m § 3. Hence, the scaling violation affects the behaviour of the transverse momentum of the parton. Since Matumoto 14 J predicted the possible violation of the structure function on the basis of the compositeness of hadronic constituents, this subject has traced the long history up to now, where many ideas have been proposed from the view points of the compositeness of the parton 15 ) and of field theories. 161 In the present paper our purpose is to know how the transverse momentum of the parton is affected by the scaling violation. Therefore, we consider the possible introduction of the violation effects to our formalism and do not stress on any physical implications of the mechanism of the scaling violation. In the following subsections, we investigate the effect of the scaling violation on the transverse momentum of the parton.
[
a] Simple introduction of the scaling violation
We notice at first the empirical formula given by Perkins et al. m as follows:
Here the function g (x) is determined as 0.25-x. Equation (17) 1s, of cource, equivalent to the following form of the structure function as ( 
18)
If we use this form in an average sense that F 2 (x, q 2 ) m the small x region has a positive power on q 2 dependence and in the large x region it has a negative power, we can replace our normalization factor in Eqs. (8) and (9) as follows: (19) and (20) Here oi is a positive constant. By using the FNAL data by Anderson et al./0)
we can determine the powers 08 and Ov. We get the structure function with q 2 dependence by fixing the 08 = 0.24 and Ov = 0.21 as shown in Fig. 3 . Here the values of q 2 are fixed at the mean values of the q 2 at which the data points have been given, and so q0 2 = 3.5 (Ge V"). Then Eqs. (11) and (12) The effect of the scaling violation on the transverse momentum seems not to be significant at a glance. Nevertheless we will observe safely the enhancement of the transverse momentum of the parton with increasing q 2 at small x because the sea parton dominates in the small x region.
b] Sophisticated introduction of the scaling violation
We consider another possibility of introducing the effect of the scaling violation into our formalism. We notice the role of the parameter A/. The parameter A/ has been introduced as a measure of the mass scale characteristic of the approach of Pil to its asymptotic form (-t') -n-2 • Therefore the change of A/ affects the shape of the structure function, and moreover the behaviour of the transverse momentum of the parton. Here we assume that the parameter A/ has a q 2 dependence, i.e., A/ (q 2 ). Then the thing that we have to do is to determine the q 2 dependence of A/.
We use again the empirical formula of Eq. (17) for the structure function of the sea parton. Noting that the structure function at x = 0 corresponds to the F 2 <sl, we get the following relation (23) Here we have used Eq. (19). difficult to solve analytically.
The differential equation (23) is, unfortunately, However, we should notice the fact that the term (Js'(,V Ilis~) FD is positive and the g (0) -iJ8 non-negative. Therefore we obtain the following equation that the qualitative behaviour of A/ (q 2 ) on q 2 will 'be reproduced safely Here iJ,' 1s a positive constant determined by the data. Then we get Next we consider the q 2 dependence of Av 2 (q 2 ). In this case, it is easily shown that Eq. (17) is powerless if we use it at x = 1 where the only valence parton exists. To this end we notice the following relation
This relation is based upon the quark parton model sum rule. 6 > By differentiating Eq. (26) with respect to q 2 and using Eq. (20), we get
The analogous consideration from Eqs. (23) and (24) mentioned above leads us to the following relation:
Here iJ.' IS a positive constant determined by the data. Then we obtain
The parameter iJ/ is determined by fixing the data at q 2 = 6.5 (Ge V 2 ). The choices of the values ov' = 0.016 and o,' = 0.01 reproduce fairly well the shape of the structure function as shown in Fig. 5 . In Fig. 6 we show the corresponding behaviour of the transverse momentum, <kr(x, q 2 ) );, of the parton. It should be noted that the effect of the scaling violation on the transverse momentum is considerably significant compared with the case [a]. We might hesitate in a sense about the result that the behaviour of the transverse momentum of the partons is fairly sensitive to the scaling violation while the similar behaviour of the structure function is reproduced regardless of the different treatments [a] and [b] of the scaling violation. These observations provide us with the remarks that we could have another key of investigating the mechanism of the scaling violation through the study about the behaviour of the transverse momentum of the parton. From our analysis we would conclude qualitatively that the transverse momentum of the sea parton increases in the whole x region as q 2 increases and the transverse momentum of the valence parton decreases rapidly in the small x region than in the large x region as q 2 increases. The average transverse momentum of the sea parton <kr(x)), can take a value rv400MeV at x=O and decreases as x mcreases. This value rv400 MeV seems to be reasonable from our knowledge on the phenomena in the soft region. On the other hand, concerning the valence parton, <kr(x) ). increases rapidly towards x=0.3rv0.4, peaks and subsequently decreases down to v2 M when X approaches 1. The former feature seems to be supported by recent experiments on the dilepton production,v which will be discussed in the latter paragraph, and the latter one seems to be accepted from the suggestions made by Close et al., 9 ' who demonstrated on the basis of the quark parton model that the negative value of the neutron charge radius constrains the dependence of <kr (x) ). on x at large x to have a decreasing tendency as x approaches 1. Therefore, our resultant <kr(x))i seems to have a reasonable behaviour in spite of its somewhat strange shape.
In § 4, we addressed ourselves to the effect of the scaling violation on the transverse momentum of the parton. As the mechanism of the scaling violation has not been settled yet and the problem on this subject has been in itself the serious one, we merely considered the possible inductions of the violation effect into our formalism. This view point will be suited to the present work because we are eager to know how the scaling violation affects the behaviour of the transverse momentum of the parton possibly in the model independent way. We adopted two ways ([a] and [b]) on the scaling violation. By interpreting the <kr (x) )i in § 3 as the <kr (x, q0 2 ) )t where q0 2 means some reference momentum at which the structure function is presumed to be known, we obtained the <kr(x, q 2 ) )£. Several features are the following: The transverse momentum of the sea parton <kr (x, q 2 ) ) , increases with increasing q 2 • On the contrary, the transverse momentum of the valence parton <kr(x, q 2 ) )v decreases in the small x region as q 2 increases. If we imagine that the target hadron is probed with a large q 2 beam, the transverse position of the parton is determined with a resolution of order q-2 , and the transverse momentum of the parton must increase proportional to q 2 • Further, if we accept the picture (scale invariant parton model) by Kogut and Susskind, 18 ' the increase of the resolution implies that the parton distribution with smaller x can be observed as q 2 increases. Therefore it would be reasonable that the result that the transverse momentum of the sea parton increases with increasing q 2 as presented in § 4. Our results mentioned so far seem to have many interesting features. However we have somewhat serious problem whether those results are sensitive to the values of the parameters which were determined in § 3 or not.
It is fairly difficult and complicated to solve this question analytically. Several calculations with other values of the parameters, nevertheless, lead to the similar results presented here and especially the large value of <kr(x, q 2 ) )v stems from the dimensional parameter Av to be several Ge V. Therefore, it would be allowed to regard our results, especially the peculiar behaviour of the <kr(x,q 2 ))v and the magnitude of (kr(x, q 2 ) ) . , as general features of this two component covariant parton model. Now we consider the implications of the transverse momentum of the parton.
First we mention the effect of the transverse momentum < kr (x, q 2 ) ) ; on the R =rJdrJr, which is given on the basis of the quark parton model 6 > by
Here m is the parton mass and .d means a binding energy correction to the free picture of the parton model. Recent data 10 > show that R increases at small x=0.01
with increasing q 2 • This observation is strongly supported by our results in § 4.
Further, the R (x, q 2 ) would decrease in the intermediate x region as q 2 increases.
Next we note the recent experiments on the production of massive lepton pairs in hadron-hadron collision.n Provided that the Drell-Yan mechanism 2 > is operating in these reactions, the massive dilepton arises from a virtual time-like photon q that is produced by the fusion of a parton and an antiparton involved in the initial hadrons. Hence its transverse momentum qT is the sum of the transverse momenta of the parton and the antiparton, with <qr 2 (x, q 2 ) ) = <kir (x, q 2 ) ) +<k~r (x, q 2 ) ). The interest in the transverse momentum of the parton seems to be increasing from both the theoretical and experimental viewpoints. In this paper, we have emphasized the behaviour not only of the <kr(x, q 2 ) ) but also of the measured structure function F 2 (x, q") and investigated the effect of the scaling violations on the (kr(x, q') ). Serious consideration of the transverse momentum of the partan would be necessary to the further development of the pa rton concept.
